Introduction
Large amounts of H2S gas are produced in the oil and gas production process, the Claus sulfur recovery process is widely used in industrial acid gas containing H2S to protect the environment and recover elemental sulfur [1] . This process was proposed firstly by British chemist C.F. Claus in 1883 [2] . The company I.G. Farbenindustrie AG made a significant improvements to it in 1938 [3] . The improved process has a waste heat boiler behind the reactor, approximately 80% of the heat released in the reactor can be recovered, and the temperature of the catalytic conversion reactor can also be adjusted by controlling the temperature of the process gas at the inlet. This basically solves the problem that the reactor temperature is difficult to control, but also greatly improve the handling capacity of the device, which have laid the foundation for modern sulfur recovery process [4] .
The process gas in the waste heat boiler tube range flows at high temperatures and highly corrosive, showing high temperature sulfur corrosion characteristics. The research [5, 6] shows that the high temperature corrosion caused by H2S is serious when the temperature of carbon steel is above 260C in H2S-containing gas stream. When the temperature exceeds 310C, the high-temperature vulcanization rate will become faster. When the temperature exceeds 371C, high temperature sulfidation attack will happen quickly. When carbon steel touched with sulfur and hydrogen sulfide, the maximum operating temperature of tube head should be controlled less than 371C.
Nowadays, tube plate and tube head generally use the principle of poor thermal conductivity of ceramic tube for effective protection. However, there are still some problems [7] [8] [9] in the operation of this protection structure: The thermal shock of high temperature and high speed gas in the inlet of waste heat boiler can produce thermal stress, which can easily cause thermal fatigue and high temperature corrosion. At the effect of thermal expansion and contraction, the expansion coefficient of the tube plate is larger than the corundum castable, the expansion and contraction coefficient of the wear-resistant lining on the end face of the tube plate are large, which easily causes the ceramic protection sleeve to be broken by the radial force. When the above problems are serious, it will lead to the leakage of process gas and affect the smooth operation of the entire sulfur recovery unit.
The purpose of this paper is to propose a novel ceramic protective casing based on the principle of jet flow. In addition, its numerical model was set up and the flow characteristics of the new structure was analyzed to solve the problem of ceramic casing rupture in engineering.
The Research Methods

New Ceramic Casing Structure Proposed
The researchers proposed different solutions for the improvement of the ceramic protective structure to solve the problem of protection structure of waste heat boiler [7] [8] [9] [10] . In the reconstruction of waste heat boiler in Pu Guang Gas field, JinHe Li [9] adopted domestic ceramic tube material added with zirconia and much aluminum to enhance the thermal insulation performance, which can adapt to the reactor open and stop frequently. Zhi-Ling He et al [10] proposed an additional ceramic casing in front of the waste heat boiler pipe head. This structure eliminates the "temperature valley" area with the lowest temperature [11] at the contact cross section of the heat resistant lining layer at the end of the tube sheet, thereby reducing the thermal stress suffered by ceramic protective casing to prevent the ceramic tube rupture. Through the above literature analysis we can see that the current optimization of ceramic protective casing is mainly focused on the insulation materials, additional ceramic casing, there is no program to the structure of the ceramic tube itself. Therefore, based on the principle of jet flow, the authors have optimized and reformed the straight tube structure of the inner ceramic protective casing as shown in Fig.1 , and have proposed a new type of ceramic casing structure (Fig.2) . The new structure adopts a gradually shrinking and diffused structure, which reduces the heat flow and heat transfer near the wall of the heat exchange tube by increasing the flow velocity in the central area of the nozzle and reducing the flow velocity near the wall of the heat exchange tube. 
Physical Model
In this paper, the structural parameters of the ceramic casing part are determined by literature [10] , and the models of different diameters of the ceramic protective casing tube are established with the same length of the heat exchange tube and the ceramic protective casing. In the tube side which heat exchange tube is 5500mm and the ceramic protective casing is 200mm, an improved model of ceramic casing tapered section length of 100mm is established, recorded as L-100 model, the optimization model is shown in Fig 2. By changing the length of the tapered section, some gradually shrinking and diffused ceramic tube models of L-150, L-175 and L-190 are established. The L-200 ceramic tube is represented as a straight tube model. Basic geometric parameters of five pipe models are shown in Table 1 . 
Model Assumptions
In the process of numerical solution, in order to simplify the process of solving, we make the following reasonable assumptions:
(1) Due to the thermal conductivity of the ceramic fiber paper between the ceramic protective casing and the heat exchange tube is substantially the same as the ceramic protective casing, it is assumed that the ceramic fiber paper is part of the ceramic protective casing.
(2) Due to the thermal conductivity of the ceramic protective sleeve is small, assuming that thermal conductivity is 0, that is, the wall of the ceramic protective sleeve is adiabatic, the thermal fluid doesn't exchange heat with the outside in the ceramic tube.
(3)In order to improve the quality of grid, the inlet curved surface of ceramic protective casing is not to be considered.
Control Equations and Boundary Conditions
The tube side medium is a kind of process gas with thermal conductivity of λ=0.0858Wꞏm . Define the inlet boundary of shell side as mass flow inlet, given mass flow 0.01095904kg/s as temperature Tin=1284K; the outlet boundary as pressure outlet, given static pressure and appropriate reflow conditions. The surface condition of the ceramic protective casing is adiabatic. The surface conditions of the heat exchange tubes are impermeable and non-slip, and the wall temperature Tw=583K. The RNGk-ε model has been used for the turbulence model, SIMPLE has been used for the pressure and velocity coupling, and the second-order upwind scheme has been used for the momentum and energy discretization. The energy residue of the convergence standard is 10 -6 , and the other residues are 10 -5
. The basic solution equation using continuity equation, momentum and energy equation, as shown in equation (1) ~ (3) [12] . Continuity equation can be described:
Momentum equation can be described:
Energy equation can be described:
Grid Independence Verification
Because of the large number of models, the structural model of L-100 was chosen to validate the grid independence. Because the structure of the heat exchange tube is relatively simple, the hexagonal structured grid is used to establish 5 grids with 634504, 834056, 1048923, 1215893. The partition of grid is shown in Fig 3. It can be seen from the calculation results that when the number of grids increases from 1048923 to 1215893, the calculation result is hardly change. Based on grid independence analysis and calculation time, the grid number with 1215893 was selected as the gridding standard of other models. 
Analysis of the Results
Comparison of the New Structure with the Original Structure
Shown in Fig.4 is the comparison of temperature field between straight tube and gradually shrinking diffused ceramic tube. In the nozzle area, the temperature distribution of the new structural model is significantly different. The temperature gradient at the nozzle area of the model with tapered tube is greater than the straight tube ceramic tube model. Compared with the structure of straight-tube ceramic protective casing, the structure of tapered expanding ceramic protective casing reduces the distribution length of central high-temperature region and increases the distribution range of low-temperature region of the pipe wall, and the distribution of temperature field is greatly improved. As the wall temperature of the heat exchange tube nozzle area of the gradually shrinking and diffused ceramic casing is lower than the original structure, the temperature difference between the inside and the outside of the pipe wall is reduced, and the thermal stress in the area is weakened. At the same time, the temperature decrease also suppresses the corrosion rate of high-temperature sulfur, which increases the protection of the ceramic protective casing to the tube plate and the head. According to the distribution of clouds, it can be seen that the temperature field in the heat exchange tube has been greatly improved with the increase of the length of the tapered part of the gradually shrinking and diffused ceramic protective casing. When the length of the tapered section L1=190mm, the area of the high temperature in the center of the heat exchange tube is the smallest and the temperature near the wall of tube is also greatly reduced. When the length of the ceramic protective casing is increased to 190mm, the temperature difference between the inside and outside of the pipe wall is the smallest, which has the best inhibition effect on the thermal stress and high temperature sulfur corrosion, and the ceramic pipe is restrained from being ruptured by the thermal stress, which also has the strongest protective effect on tube plate and heat exchange tube.
Conclusions
Aiming at the problem of ceramic protective casing, a new type of ceramic protective casing has been proposed and the structure of the new sleeve has been optimized. The flow field has been simulated based on FLUENT software, and the following conclusions have been drawn: (1) Gradually shrinking and diffused ceramic protective casing changes the distribution of the temperature field inside the heat exchange tube. Compared with the original ceramic protective casing, the gradually shrinking and diffused ceramic protective casing increases the temperature gradient in the heat exchange tube, reduces the distribution length of the central high temperature zone and increases the distribution range of the low temperature zone of the wall. Reducing the temperature difference between the inside and outside of the tube, weakening the thermal stress and high-temperature sulfur corrosion rate, moreover, enhancing the protection of the tube plate and the tube head by the ceramic protective casing.
(2) As the length of the tapered portion of the gradually shrinking and diffused ceramic protective casing increases, the temperature gradient also gradually increases. When the tapered length L=190mm, the area of high temperature in the center of the heat exchange tube is the smallest, and the temperature field in the nozzle area is greatly improved, which greatly inhibits the thermal stress rupture and the high temperature sulfur corrosion of the ceramic protective casing.
